Aleukemic leukemia cutis is a rare condition characterized by the invasion of leukemic blasts into the skin before their appearance in the peripheral blood. Leukemia cutis usually occurs in patients with myeloid leukemia, especially the myelomonocytic and monocytic types of acute myeloblastic leukemia. We describe the case of a 62-year-old woman with aleukemic leukemia cutis who developed Philadelphia-positive acute leukemia 1 month after skin involvement. Leukemic cells expressed both myeloid and B-cell lineage surface markers, and monoclonal rearrangement of the immunoglobulin heavy chain was detected by Southern blot analysis. This report is the first of a case of aleukemic leukemia cutis preceding Philadelphia-positive biphenotypic leukemia.
Introduction
Aleukemic leukemia cutis (ALC) is a rare form of leukemia manifestation. A review of the literature showed that there have been 32 reported cases of ALC [1] . Leukemia subsequently developed in most of the reported cases, and most cases had a poor clinical course. Here we describe the first reported case of ALC caused by Philadelphia (Ph) chromosome-positive biphenotypic leukemia. The existence of the Ph chromosome in our case may have contributed to the early development of acute leukemia and the aggressive clinical course.
Case Report
A 62-year-old woman developed multiple erythematous dermal papules on May 1, 2001 , and went to the dermatology department of a local hospital on May 12 /L, with 51% neutrophils, 40% lymphocytes, 7% monocytes, and 2% basophils. The skin lesions did not respond to conventional ointment therapy, including steroid therapy. A skin biopsy obtained from a papule on May 22 showed a dense infiltration of mononuclear cells in the dermis and subcutaneous fat tissue. Biochemistry profiles were within normal limits except for the elevation of the lactate dehydrogenase level to 747 IU/L (normal range, 220-430 IU/L). The bone marrow was not investigated at that time. Initially, cutaneous lymphoma of the skin was suspected on the basis of the biopsy results. The patient was referred to the Dermatology Department of Hokkaido University Hospital on June 5, when leukemic blasts appeared in peripheral blood. The patient was referred to our department with a suspicion of overt leukemia.
A physical examination revealed a widespread eruption comprising erythematous dermal papules located on the trunk, face, and extremities ( Figure 1 ). There was no lymphadenopathy or hepatosplenomegaly.
A complete blood cell count showed the following values: hemoglobin, 9.8 g/dL; hematocrit, 29.2%; platelets, 99 ϫ 10 9 /L; and white blood cells, 10.7 ϫ 10 9 /L, with 20% neutrophils, 19% lymphocytes, 3% monocytes, 2% basophils, 2% metamyelocytes, 2% myelocytes, and 53% blast cells. The biochemistry profile revealed an elevation of the lactate dehydrogenase level to 637 IU/L (normal range, 200-460 IU/L). A bone marrow aspirate on June 6 showed hypercellularity with 89% blast cells. The blast cells expressed B-cell and myeloid antigens, including CD10, CD19, CD13, CD34, and CD68, and showed a positive reaction to myeloperoxidase. Double-staining analysis revealed that the blasts comprised a single population and expressed both CD13 and CD19 (Figure 2 ). On the other hand, the blasts were negative for CD3, CD4, CD20, CD33, and CD56. A monoclonal rearrangement of the immunoglobulin heavy chain was detected by a Southern blot analysis using bone marrow cells. The patient's diagnosis was biphenotypic leukemia according to the scoring system of Catovski et al [2] . A cytogenetic examination demonstrated a mixed karyotypic pattern consisting of 46,XX,t(9;22)(q34;q11)[18/20], 46,XX,idem,der(19)t(1;19)(q23;p13) [1/20] , and 46,XX [1/20] . The results of a reverse transcriptase-polymerase chain reaction analysis were positive for both major and minor BCR/ ABL transcripts. A diagnosis of Ph chromosome-positive biphenotypic leukemia was finally made.
A skin biopsy obtained from a papule on the patient's back on June 5 showed a dense infiltration of mononuclear cells in the dermis and subcutaneous fat tissue (Figure 3) . Immunohistochemical staining revealed that the blast cells were positive for MT-1 (CD43), CD68, and myeloperoxidase and negative for CD3, CD20, and CD56. The cells infiltrating the skin also expressed multilineage surface markers and were compatible with leukemia cutis caused by biphenotypic leukemia. ALC preceding Ph chromosome-positive biphenotypic leukemia was finally diagnosed.
The patient underwent induction chemotherapy consisting of cytarabine and idarubicin. Although the skin lesions improved dramatically, this treatment resulted in only partial regression of the leukemic blasts in the bone marrow. Despite 2 additional courses of reinduction chemotherapy (1 course with cyclophosphamide, daunorubicin, vincristine, and prednisolone and the other course with cyclophosphamide, prednisolone, mitoxantrone, and cytarabine), the patient died of sepsis 3 months after the diagnosis of overt leukemia and 4 months after the initial presentation of leukemia cutis. An autopsy was not permitted.
Discussion
Cutaneous lesions in leukemia are divided into 2 groups: leukemid or nonspecific lesions, in which inflammatory lesions contain no leukemic cells, and leukemia cutis or specific lesions, in which leukemic cells invade the skin [3] . ALC is a rare condition in which leukemia cutis precedes the diagnosis of systemic leukemia [4] . Chang et al presented a review of 31 cases of ALC. Of 18 cases in which a leukemic cell lineage was documented, 17 cases were M4/5 by the French-American-British classification, and 1 case was M2. A few other cases of ALC caused by lymphoblastic leukemia have been reported [5, 6] ; however, there has been no case report of ALC caused by biphenotypic leukemia.
ALC may sometimes be misdiagnosed as cutaneous lymphoma or undifferentiated carcinoma. In most cases, ALC is diagnosed after bone marrow infiltration has been found, and then antileukemic treatment is initiated, as in our case.
There is no consensus regarding the treatment modality for ALC and the timing of initial treatment. Although treatment regimens with combination chemotherapy and/or electronbeam radiation therapy have been reported, the prognosis is always poor [7] . Only 2 patients have been treated before progression to acute leukemia, and they survived without recurrence for 16 months and 30 months [1, 8] . The times from cutaneous onset to systemic expansion of leukemic cells varied from 1 month to 18 months [5, 9] . These cases of ALC raise questions about the origin of neoplastic clones and their biological behavior. It is not clear whether malignant cells originate in the bone marrow and subsequently migrate to the skin or malignant cells originate in skin and then migrate to the bone marrow.
The Ph chromosome is found in most cases of chronic myelogenous leukemia, in approximately 20% of adult and 5% of pediatric cases of acute lymphoblastic leukemia (ALL), and in approximately 2% of acute myeloblastic leukemia (AML) cases [10] . Among ALL and AML cases, the presence of the Ph chromosome is a predictor of a high incidence of induction failure and relapse after chemotherapy, which are related to a poor prognosis [10] . Biphenotypic leukemia is a relatively rare leukemia, identified in 5% to 10% of acute leukemias. On the other hand, biphenotypic features are common (47%) in patients with Ph chromosome-positive acute leukemia [11, 12] . Among biphenotypic leukemia cases, the presence of the Ph chromosome is also a poor prognostic factor [13] . The existence of the Ph chromosome may have resulted in the aggressive clinical course observed in our patient. Although, imatinib mesylate might have been temporally effective in this situation [14, 15] , it was not yet commercially available in Japan at that time.
In conclusion, leukemia cutis may precede systemic involvement of Ph chromosome-positive biphenotypic leukemia. In spite of intensive combination chemotherapy, our patient had an aggressive clinical course without achievement of complete remission.
